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48 & result of these nuclear reactions, unstable isotopes of pPhosphorus
and nitrogen are formed, which disintogrqtq_‘i\“u;-thor:_}n a marner cnslogous...
w0 maturel radioactive elements,  forming ‘catbon and sulphur isotopes:

30 00,
P P {(half life =« approximately 3 min)
15 ’ . \

(half 21fo -- approximatoly 14 min)

From this time, the number of discovered mclear reactions which led
to the hroduction of artificisl radiocsctive elements bopan to increase
rapldly. However, further. drogropd was. complicatad: by the fact that the
particles usad ror borbarding nuclei heva thoir

ponetration of thess

dea vas reslized in 1934 by Ferni and his colleapues (4) who used noutrons

for this rurpose. Radon tubes containing a mixture of radium with beryllium

powdey Bé")(azrx) Belo sorved as o source of neutrons. In his Lirst publi~ -
& & ’

cation, Fermi decoribed the forration of more than 40 radicactive elements
obtained by bombarding various oloments with neutrons. Since then, artifi-
cdal production of elements has been widely developad, and at the ‘Present time . .-
the atoms of a rajority of chemical substancss have heen split, so that the '
mmber of artificislly radiocactive elements excaeds 307, This has mado v -
possible wide use of radiosctive oloments for studying various processes. in
different fields of ohenistry, bioloyy and medieine: by the.mothod jof -
" radioactive indicators ("tracern atomss L e e

The use of natural radioactive substances ss indicatcrs was begun, s
in the works of Huve hers, und in the. USSR An .. -
the works of V, G. artificial radiocactive ‘ i
elemsnts have been purpose by Jullusburger, Tople and:i.ess
(7), Lrbacher and Fhillip (8), and in the Ussii by S, "+ loginskiy erd hise. *
collsagues {9). e SR e RO

The radiosciive indicator method makas 1t possible to chsetve’ the ...
conduct of any minute quentity of a substanes vhich would be-inposaibls to .
detoct by any other physical or chomieal methods (quantities ‘on the ordar. <
of i-‘c-lz to ”0-16 molee, depending: upon’tho length of the half Mfo), ¥ iIr

addition, this method permits the realization of rapid .and almost constent’.
eontrol of the locstion of "trocarv molecules, regardless ¢f the Nrogsence ¢
of any other substances and complications of the system; it alsc makes it

-poasible to study exchange processes. All of thess advantages of the .
radicactive indiestor rethod have atirvoctad o large numbor of irvestigators
to it (soe, Tor example, items 10-13 n tho biblicgrapny). B B

“Regently, the radicantive hydrogen isotops, tritiun, has been used to .. -
explain the mechanism of a large number of processes connected.witl the
nigration of the hyirogon atom. Thas discovery of deuteriwn (11) in 1522,
and tio producticn of .pure heavy weter (15) in 1923, rave on intenge
impetus to the study of such processes by using "trecer" atoms of deuterium,
but amilyticrl and. other posslhilities oftcoic by the use of tritium are
considerably greater, Unfortunately, the wesk radicactivity of tritium
(the ensrgy of the bota rarticle is approximutely 0.015 MeV) and the Tact
that it is atiil not easily obtainable consciderebly limits the widar uge
of this isotope. ° » :
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In 1934, Rutherford and his colleagues (15) studied the nuclear
s8 by bombarding deuterium with deuterons with an onorgy of 20,000
to 100,000 &V, Deuterio-ammonim salts, ND,C1, (ND 3580, and D.FO ’
pore used as targets. The emission of two groups of‘ 8ingle-chs geé
particles was noticed, one with a £light through ths aty of
apmroximately 14.3 em, and the other 1.6 cm. The mmber of rartiocles of
both typos appeared to be equal, Consideration of these rosults lod the
authors to the conclusion thet the particles with the shortest flight
are muclei of g naw hydrogen isotope wyith a pass of 3.0151, Sormed as a. .
result of nuclear transformations -,Dg LS ,DF—-—P it sms  The :
S mmher of radiated perticies was establishéa as a function o} ensrgy
of the accelsrated nuclei of deuterim; and with 100,000 eV, 10° deuterons
hitting the terget formed ore atom of tritium. In the second viork of
these authors (17), the length of flight of the particles was determined
more precisely and the energy of the specified nuclear Y ~transformation
3397+ 0, V. tritium vas dotermined
exactly as 3.0152 = (. - Soon Fermi (3) and Chadwick and Uoldhaber (18)
independsntly discovered & new hydrogen isotcpe by bombardment of ifthium

toms it tro -
atoms »h neutrons: 3“6’ onl ‘ 2Hel' .

Study of almost pure deuterium with the mags spectrograph by Tuve . :
and his colleauges (19), and Lozier and others (20) indicatod the nresence. .
of & hydrogen icotope with a mags of 3. At that time it seemod that this . .
must be an energetically stable isotope (13) which vould be found in nature,
although 1u very srall quantities. 1In order to dotermine ‘its jrosance 4in' :
.ordimary woter, Lutharford (21) tried to soparute it in 1937. ‘Lleven cubic -
centlmoters of heavy wator were obtained in ilorway by electrolysis of i
13,000 tons of wator, i.e., tho volume vaa redused 107 times, However, -

lines corrusponding to an ion (LT)* wore ot discovered on @ very exact
Aston mass spectrogreph. Therefore Rutherford came to the conclusfon i
that the H3 idotope, apparently, is unstable, which explains its ragligible'
quantity in maturo. Bonner (225 came to the same conclusion on the bagis. - "
of his cwm calculations, Hs first offored tho hypothesis of' the peasi- -
bility of t}’:e’vdisin’tagration of tritiun: 11{3 . 2&5 e \vit.‘\ thz :
formition of a helium isotope. At thoe same time, Nleakney. and Iix col-
losgues (23-26), lhuving received negative resulls “rom' the study of en .
axect mese spectograph, also cara. to the conclusicy '(.hatvthe,h;:ﬂrogang
- 1sctone with s mass of 3 1s ngt found in any ,notjcigble_quantities in
mwituro (the ratio of H3 to Hl 1 of the ~mvay. 1078). e, ]

In 1939, Alvarcz and Cornog (24), studying the mwlear reaction which': e
takez place upon tis borbardment of deuterium 'vith deuterons, diseovered ../
the radicactivity of the prituced gus, which they icantified ac hydmge:.,:,’_..\ '
in subsaquent, publicatiors (25), these authors confirmd thoir lvpothe‘s‘is,
that the hydrogen isotope that is nroduced by the nuclesr reaction

192* ].D2 e 133.\"', 1, «A8:radicactive. ‘They subjoctéd heavy viuter .
"t electrelysss after 1t hac veen irradiated by deutercus and discovered
radicactivity in tho gas rroduced on the 20thodo, while tho oxygen
produced on the ancde had no activity. The hslf life wns moagured q
thren tests, one of which lasted for €0 days; it was roughly estimated

at 150 £ 40 days; howevor, lator, more axact measuremerts of other. suthors
{(25) have established the half 1ife of tritium at 31+ € years, 3
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II. IETERMINATION OF THE EIMERGY OF BLTA RADIATION OF TiITIUM

On the basis of measurcrents of the ratio of the numbsr of activae :
atoms to the number of iom nairs formed in a given volume of gas, Alvarez
and Cornog (25) estsblished that the approximaste avarage enerpy of bete
particlos radiasted in the disintogration of tritium . —
- B —> e’ + o

is 10 KeV. At tho some tima Libby and lee studlad t%e betazmdiation of &
pilece of beryllium thst had been borbarded by deuterons in a cyclotron for
several months. The maximum radiation energy was found to be 13 = & KeV.
The authors attributed the beta radiation to the isotope of Eel0, and not
to the tritium formed hero. &hortly afterward, O'Neal and Goldhabor (27)
conf'irmed the fact that, after bombardment of a beryllium target with
deuterons with an enargy of 1 MeV, radiation is observed with a maximm ..
“energy close to 13 = 5 KeV. However, they showed that it is impousible
to discover this bete radiation in beryllium precipitate obtained after
chemical processing of the target to identify the radloactive isotope of
berylliwum. It appeared that the radicactivity belonged to the gas
axtrected from the beryllium target by hesting or cissolving in sulphuric
ascid. O'Weel and Goldhaber came to the conclusion that the observed
activity wes dus 1o the hydrogan 3otope, tritium, formed according to - -
the equation Be% + DR —> Do + H3, ‘ : :

lsler, these authors (28) were concerned with the study of the

disintegretion constant of tritium. Unfortunately, it canmnt be. determined
by the ordirary mothed from a disintogration curve because of its smell .
magnitude. The authors used ancther method hased on tha possibility ot
deternining the disilntearatinn conatant A from the ratio A= N'/KN. uhare

N 18 the mmber of H3 nuelal formed, and N' is the rumber of H3 ruclei -
which disintegrate in a unit of 4ime. Tritiun was obtn&nod by irrzdiating
lithiwm with slow nsutrons which led *o the reaction LiP. nl. Nebs €3,
Matallic if{thfum, Bosttered in a thin giamsy tube, was set ' in'a large’ .
plece of peraffin and placed in a certain position towsrd the source of.
noutrons (radon bsryllium tube), whore it was kept for 4 months.  {In .+
othor tosts the authors used a three-wsek bombardment of a lithium target
with slow neutrons in a Michigan cyclotron. The activity of the. hydrogen
obtrinad in this way was 100 times groater than that obteined by ths = .
previous nethod.) - The 1lithium was then treated with water and tne liber=
ated hydrogen collected; thus, tritium wms extracted with a yield of 94.. -
pereent. L specific small quantity of this hydrogen with an admixture of
alooho) vapora was plac:d in a Gelger countur where its activity was: )
datermined, according to which the Numboxr N! ws calewlated. the total.
numbor N of formed tritiumm muclei was determined by special tests with . ' -
" the caleulstion of ¢he number of neutrcns absorbed by a plece of lithiume -

In *nis way 1t was deternired that N 1is equal to 7.10~1%0c5nds <2F -
25 pyrcant, which geve 31+ 8 years as the half ii’o of #ritiuis The =~ 7
anergy of beta radietion ves datermined by those authors et 15 L. 5 KeV, @ "

Brown established the lsngth of flight of bete rorticles of 4ritiwm
in heldun st 13 %1 mm by ueing & speciully constructed Geigsr ~onter
filied with hellum &t atmorplieric pressure, thus permiicing the detection *
of radiation with ow erers>, - Comaring. the. ralsti~iship between the, =~ =
length of flight of directed ruy= and their energies, the author evalusted:
(by amalogy) the enaergy of beie particles which are radiated by tritium
to be 9.5 * 2 KV, Nielsen \30) obisined dsta close to this HF uging’
a Wilsor cloud chamber; he estimated the maximum onergy of bote -~erticles

R SO
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8% Y.5 4 1 KeV,. Finally, a.short time apo \istts and.uillIems {31} uged..
a different method for determining the maximum ensrgy of beta particless
4 Goiger counter with a small thin window of several colloidial films
vas ugsed; rays of electrons radiated by a hested tungsten wire f£lowed
through this window; the electroms were first accelerated by superimposing
a certain potential. It appeared that wpon superimposing an accelerating
potential of 12 KV, the electrons of the wire penetrated the window
{"thickness" of the window). Then a source of beta rays was placed before
the window in a vacuum on an appropriate elestrode, on which an scoelerat~
ing or delaying potential had been superimposed. By verying this
potentisl, the magnitude at which the beta rays begon to penetrate the
window was found. From the obtainod magnitudes of the "thickness" of
the window amd the potential necessary for atopping bete rays, the mawimal
energy of the beta rarticles wes eslculateds -~ - T o

The gource of beta rays of tritium was prepared by the following
mothod: an alumimm disc (elsctrode) was tempered at 500 degrees in en
oxygen atmosphere, cooled in s vacuum and then treated by water vapor
containing tritium weter (Tp0). The water reacted with e thin £ilm of
alumimm oxide on the electrude; hydration tosk placa with the formtion
of A].(Ol‘);; the water fixed in this way is not removed oven in svaciation.
Ths disc Berved as an elec’rode on which a certain potential was super—
imposed. It appesred thav with high accelerating potentials the intensity
of beta radiation in the covntor was very grest and fell almost to zero
with & lowering of the superimpesed potentisl to 1 . Thus, the upper
imit for the emergy of beta particles of tritium was determined in
these experimerts as 12-=1 = 11 X 2 KeV, which is close to ${he determing= ...\
tion of other suthors. The shortcoming of this work is that the measure~ .. :7:iniiii:
monte wore made on only one windew without varying its thickness. T

A comparison of different authors' neasurements of the raximm energy
of beta perticles of tritium is presented in Tshble 1. : T

‘Table ‘1. Energy-of Beta hadiation of Tritiwm

‘ Iuvéaﬂgntqr Ll Method of 'Dsberu;m_atiozi N

Libby and Les (26) ' Magnetie sl e
Alvearez end Germog (25) " Ion pelrs: @ »" " . L0 ]
O'Neal and Goldhaber (28) ' Length of flijht ix o mixture '

' . o of alechol and argon
Brown (29) T Length of £light 4n helivm
Nislsen (30) . Droplets in a \!ilson namera :
Wadts and Ydllisms (31) . - Pasaage of Lete rays ihrough
: ‘ - a certain thickness of the
) window of & coumter

"IXI.METHODS OF OBTALNING THITIUM

Tha following methods of obtaining tritium are the mos% cowmon:

1. Bomberdment of deuteriuy with deuterons (17) in a ecyclotron
lsads to the nuclear process: D+ D2—s 1P+Hl; Gai 3.57 + 0.02 He¥3

2. Bombardment of beryllium with deuterons (26, 27) slso leads to

wip
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tritiums. Bed + 12 —»pe8 +H3;

3. Irradiation of. lithium_with slow neutrons, expressed by the
equation: L6 + n2 —- Hek + .

In addition, there are other muclear readtions which lead to the
production of tritium:

4. Cornog and Libby (32) bombarded saturated water solutions of -
boric acid and ammonium nitrate (containing an excess of salts in crystal
form) with slow meutrons with an ensrpgy of 20 teV. The water vapors of
thess solutions showsd an activity of aphroximately 1 irmulses/second
per mole in a Geiger counter, while vapors of distiiled water produced
lsss than 5 percent of this activity under thess conditiors. The authors
think that the following nucleer reactions teke placs:

5Blo+ opl —»6811*7« —»4838 +. 1H3; Q=+ 0,2 BeV;
s+ onl —--[5":31‘_'7* —_44869 + 153; Q= ~ 9,6 MeV;

2w )
M onl /T —ae 6077 L g2 L 403 mev;
i) ‘
173 e - 11.5 MeV.
: 7}11/5 + ond —y‘?ﬂlg* — 32!%94* 3 Q .

Using Segro and Jockey's tmpubliéhed data én tho output of oné neutron
for 200 deuterons {in the bombardment of a beryllium target with deyterons
with an snorgy sf 16.5 MoV producing the miclear reaction: Be? + -
Be +gn1 ) in & 60-inch eyelotron and considering the half life of tritium
a8 31 years (28), the authors estimeted the effoctive size cf 3 slow neutron .l
in the above tritium produsing resctions as approximately 10720 sq om (with . 0+
a possible five-point error), } e

. %« L. Borst (33) described ths nmuclear reactions ‘which take place in :
the irraciation of nitrogon end flourine with deutorins with an onergy of
8,2 thV. These reactions are accompenied by the foruation of tritiums,

N . R —s 3 4 3 Q.5 8 0.2 M0y
e et I T SN GV T SR
" I% has besn establishsd sra+ noutrons (34) are forred in relat:'!.v.ely‘ ‘
gros’. quuntities ir ths atmosphere as e rszult of cosmic redistion:
N = 0,8 nsutrons {per second) per 1 &q cm of the earth's surface. lot
long ago Libby (35} offered the hypothesiz thzt the 3 helium isotopos

in tho atmosphere ows their origin to the tritium formed according to the
abovomntiomd miclesr cesctions of neutrons with atmoapheric nitrogens -

bﬂu-t ’ll —'--9312*'33.’ '
SETN 2 SR ) T <

The dinintogration of tritium leads to the forration of a helium isotope

2
_ = He® + a=—. :
The half life of tritium of 31 years is very short from the gevlogisul
point of view. Considoring the age of the earth as 1.5-109 years, the

- & =

soulbivrovans
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- author .caleculates -the hellum 4sotope content:of  the atmosphere as

1.3°10~11 cc He3 per 1 ac of cir.

IV. PROFERTILS OF TRITIUM

he me&m

Libby and Barter (36) determined the elasticity of vapor of liquid
isotopes of hydrogen HT and IT by frectiomation ani determimation of the
radioactivity of various pertions of the distilled gas. Ong to five liters
of hydrogen containing 109 molss of RT or DT per mole of H< or D? was
used for frectiomtion. lisdloective hydrogun was obtained by irradiating
lithiam with neutrons in a Berkeley cyslotron /' r ssveral months and then
orocessing the 1ithium target with weter on D20, HT or IT is precipiteted
in this treatment.

The activity was measured with & Geiger counter which was filled with
hydrogen or duuterium at a pressure of 15 mp Hg with an admixture of ethyl
alechol vepors (2-3 mm Hg pressure). A uranium stendard was used to check
the measuring apparatus.

The results are compared with literary date for D and H® in Table 2.
(data for T2 is extragslated on the curve in Figure 1). S

Table 2, Elasticity of Hydrogen Isotope Vapors

Elagticity
of Vapor at .
20,4 degrees -+ Reference ix
K (m Hg) Literature
438 oo o 37
256 . 38 :

13 P TR

Figwrs 1. Elastioclty of hydrogen isotops vepore ig
aseaured &long the ordinate axis (in mm Eg) at
20.% dsgrees K. The mass of the molecale is

soasured zlong the absolazsa.
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The data shows that tritium can ho oasily separatsd out by distilla- AR
tion of liquid hydtogen isotopes if the obtained mixture is previowsly. . . ... . - G0

. run through an appropriate ‘catalyzer’ to ostablish” the oquilibritms
| 2HT =Ry 4 Tz
2N +=2Dy 4+ Ta.

Since the Van dex ligdls® force of cohesion in liguid hydrogen must
be the same for all isotopes, the observed dependence of the elasticity
of vapor upon the mass of the isotope is apparently due to the difference
in the neutral energies which are expressed in the following mégnitudes. (39):

Isotopes: . .Hp . . HD I.J.z._ CHTL e »-Tz

Free anergy (in
large calories
per mols)s 6.253  5.423 Aed33 5.1 4,049 3.625

B. Magnetic Moment

Sacks end Schwinger (40) have determined the magnetic moront, which -
was 2.68 tritium and =1,8, for Hel.

C. _ Equilibrium of g Tritiym VWater Syster

Libby (39) calculated the equilibrium constants of such o system.
theorotically from the fect that forces scting inside a molecule do nob
change with a change in the mass of the mucleus and that any effect In -
the properties of the molecule is due tc the different masses which are.
moving in the seme field of force, Study of the equilibrium of such & i
system 1s of interest from the roint of view of isotope exchahge, .. . -

Black and Taylor (41 studied this system experimentally, using ' . . .0
Pt a8 a catalyzer on carbon, Radioactive water was placed with e - . v/ .7
catalyzer in a reaction 1ssol which had a water jacket to maintain s S

certain temperature. Hydrngen oirculated through this weter iz a closed. .

systen untll it reechod equilibriwm. -Tre water vapors wers thonm frozen R

and separated from the gas and ons-half cumoce placed in a Geiger-Munller - '

counter, The mixture for the readings was always composed of water

vapors (partial pressure 2 mn Hg), 2.4 mm Sg alcohol vapors,. 8«20 m Hg

hydrogen, and 20 mm Hg argon, The counter was given a prelaminary check S

with a standard uranium specimen, No further change of the concentretion i:i

tcok place af'ter equilibriym hed been reachsd on the catalyzer in eccord~

ance with the fact established by Gould, Bleakney, and Taylor (43) that ST e
an exharge botween hydrogen isotopes and water is mt catalysod Gy glasge
Equilibrium conatants were csioulated according to the eoquativn R

Tie partial rressures of ‘the components were 'doterminsd by a- counters:
the partial preasure of HTO (or HT) in a given veasel ia proportioral
to the mmber of disintegrations of these substancas in a unit oi tdme.
Coneidering that the aotlgl soncentrution of tritiuwm in a portion of
wator or hyirogen was 10~<t moles, the total pressure of a portion of

-8 -
S

e
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radicactive hydrogen or water vapors can be considered as a pa ]
pressure.of the inactive components. ‘Therefore; having separated the
hydrogen (active end imctive) ~ after oguilibrimm had baen established
-= from the waber vapors {active and imeotive) and then plscing them one
after the other in the same counter, where the pressure, volume, and
,  mmbor of impulses por mirmute were measurad, the necessary data for
: ) © the ealoulation of the equilibrium constants was obtained. The ratio
v of the mabsr of .impulses per minute to the pressure of water vapors in
N millimotors of Hg gives the ratio HIO / HHO, and the ratio of the mumber
, : of impulses per minute to the pertial pressiure of hydrogen gives BT / RH,

- The dnta obtained in such a manner for a rnumber of tomperstures is

presented in Teble 3, where it is compared with Libby's (9) theorstical

data ohtained from the caloulation of vibration fraguenates. :
Table 3. Equilibrium Constants of a System

Equilibrium Constants

Tampere ture Experimontal Caloulation Accord~ Libby's
(4n degrees C) Valus ing to the Formula Theoretical

0 in Table 4 Values
1% 6.75 0.04 6.73 6.47
"20.2 6.47 0.2 6.50 6.24,
25 6.25 0,05 N 6.25 ) 6,01
: , 56,2 5.05 * 0,05 4 5.02 484
e o ) .6 437  0.05 R 40 LA AeR3
" S . 111.2 ST 30760 0404 e s 3T il 3,64
RSP ' ‘ 8.4 3.10 . 0.06 o320 3,08
217y T 2,64 0,04 U 2481 L 2.5,
302.9 2,17 0.02 S 2,17 - 2.08

- Conparison of the experimental deta with th~ theoretical esleulations

shows a sufficiently close agresment. As a result of these experiments, )
the authors gould obtain all the thermodymauic daty “or thia system (Teble 4),

1t
Na? B

log K = 0,292 3og T+33§.i - 1055 o
2} ages 1.35-193'1' k25 : & ‘
3) aPa= . 4387 - 1.3 log T - 1540 (
; k) A:g = 058 4 0.05 small calorisa/moie
= 2} @Bz 0387 . 150 ’
; 6) ong-

- 1550 4160 smail calortem/wole

V. AMLITISAL ISTHCD OF IETECTING RRITTOM . RN

* The detecticn of ‘tritiwm is very difficult because of the extronely
) weak energy of the beta radlation, which s only sabout 0.015 MeV. This
2 . Ll mekes it nscessary to use specific methods for measuring the radiosctivity
of tritium. Ummlly it 1s messued in e gagseous or vapor form, whick is
: placed in a Geiger counter or ionization chamber as & charging gas, For

-9
Y
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exanple, . Ruben and his colleagues (42) placed a mixture of tritiwm .

- with hydrogen in a Gelger counter; the mocurcey wos nod greater than
10-15 percent under these conditions because hydrogen is not a satise
factory "counter" gas. Frequently gaseous "counter" mixtures with
vapors of aleohol (36), argon (42, 43), butare (45), ete., are vaed
for measuring, i ) )

& short time apo Henriques and largnetti (46) described a specially
developad method for detecting tritium in organis compounds with an )
scouracy of 2 parcent. They used a quartz donization chamber connscted
with a lsuritsen electroscope. The authors used this device suscessfully
Yo detect a radicactive isotope of C4 in the form of carbonic aold “un.
Tritium was obtained 1n a cyclotron by irradisting a water-cooled e
berylitum target with deutorons. Two. nunlesr resetisns ook FRETE,

“leading to the formation of tritiums

Be9+ Hz-—»ﬂ3+ 2&/‘;-
P+ P 1+ il

The berylliwm target was then placad in 8 quarts tube connscted tora

&5 minutes in a hydrogen atmosphere. The

and Iydrogen was passed ovor cupric oxide .
which was hested to 300 degress ard the redicective water which was formed
was condensed #m a trop; thus G9 percent of the tritium found in the
target was changed to T50.

- The goneral method of analysis consists in turning the tested LT
substance over cupric oxide wich the formation of water, which is then ... .
dissolved with a mgnesium amlgem at 400 degrees for ome hour to ..iiii
serarate the hydrogen isotopes, ‘ . :

An lonization chamber ias charged with 10 millimoles of radicective
! mixture at atmospheric pressure, According to the awihors,- this
method can quantitatively detect arproximately 10-4 microcuries (10-14 . < S
mles) of tritiwm in 10 miilimoles of hydrogen, which greatly surpesses . i i
the amlytical poasibilities in work with deutarium. (4 curie is'e unit S
" of radioactivity equivalent to the activity of ome gram of radium oy any . i
subatsgge with an equivalent rediomciivity. This quantity gives L :
3.6 Glsintegrating atoms psr seacond. . 4 microcurie corresponds to R
that quantity of a radioactive subatance which disintegrates 3.6-104 atoms . -
per second, vhich corresronds to 2.16109 Wa/minute. Congide: »
the half iife of tritium of, 30 years as 1,6-10 minutes, then 36w1 of
any amount of the subatarce iis: togrates in cne minute; with one mole
of tritium we would hsve 1.8.1 impulses/mimite, Thus, a microcurie .
of tritium corresponds to 10~10 molds of tritium.) Thie method was
chacked with radicactive bengene, which was prepared by the 1waction of -
the exchangs of benzeno with Tl on a miclkel catalyzer according to the
Polanyi (48) method, o

. Tests ware made with various concentyutions of radiocactive bonzene
in 'ordirary bensene, where the lemst sctivity of usable specimons
(a? toly 3-10~% microcuries of tritium) vas used es a unit. The
felative accursoy of maamsurements is shown 15 Table 5, whare ths. radio~
activity Bsq is expressed as a ratic of the activity to the controi
(rackground), and Ry 13 the radionctiviiy caleulated Crom the ratio of
concentration of the vadfosetive benzene specimen.

o N
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Table 5, Results of Neasuring the Activity of
- Trition in an Tontzation ChAmBEE - e e wm i, o b

Radioactivity
Ralative Observed R Calenlated
Conoentiretion H R
of Tritivn : 3

259 :;3; avg 476 r2

65,7 113:!3 avg 119 ) o . o8

Uob o 26.6) 1.1

25.8) &8 26.2

.79 s - 60 09

The authors did not cbserve the diselpation of a radicactive isotope in
the process of analysis,

Other methods used in detesting tritium are referred to in the acconnts
of other work ueing tritinm as a radioactive indicator. (For a descriptien
of various types of counters sse ftus 49 in the biblisgraphy.) o

V. USE OP YRITIW 45 AN TNDICATOR I CHEICAL REACTIONS

~ The ressarch of Ruben and his colleagues explalning the mechanism of ‘- "
number of complex reactions was the first work in this fie . RECERIEE S oy
The oxidation of fumaric scid by nermangsnate in a sulphuric acid medins’ IR RIS
35-50 degraes leads to the formatica of formic acid and carbonic acdd ace .0
to the equation B 7

‘ coaium—cooalano-éa-%xnm,tm £ a0,
The spead of axidatici of fermic adid is vonsider. fly less under these condi-
: » The mechaniam of this proceas is not ¢leor; in particular, it is not
whether the formic acid is formed from the methenyl or carboxylic carbon.
whether or oot the hydrogen 1s transferred fram the methenyl carbop. Alldn
and Buben (50) solved this problem by using radioactive indicatorss cﬁ‘ (with

half 11fe of 20,5 min) and tritiua, For his purposa the authors 1oped
a method of rapid synthesis of radicactive fur 1¢. acid cor in ths -
earboxyl through the stages of tranafomuom ‘== E0*H ~ nitrile of ..
succinla acid -- smeoccimic acid and, floally, dahydrogesation of the lag. . -
ter vith dehydrogsnase into fumaric acid. Thie synthesis took 2 houra,
and thus sufficient radionotivity of the preparation ves preserved to
stody ite procesc of oxidation. Oridatien by peringenate vas wioin
& ourrent of nitrogen with tho carbonic acld belag oavaied off und ape
sorbed by the calofum hydroxide. The radioactivity of the precipitated
caloium sarbonate wae then measurad snd found to be very high. After

- 1] =~
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preciptiation the formie acid formed in oxidstion was oxldized by = = .
- -alkaline “permanganate (in comparison with an scid solution, the reaction’

is very rapid in an alkaline solution) to carbonic acid, which is

absorbed by Ca(OH)o; the radicactivity of the precipitated caleium

carbonates was checked. This carbonate was absclutely immctive,

indicating that formic acid 1s formed from the methenyl carbon in

oxidation of fumaric acid, .

To explain the sacond question =-- the gonesis of hydrogen in ths
fornle acld formsd -—- the authors studied the exchenge of hydrogen bgw
twen formic acid and radicactive sulphuric scid in the process of ite
oxidation by permanganate. They used 1.5 Netritiumesulphuric ecid with
an activity of 9°107 impulsea-minute per gram atom of hydrogen. After
the reaction of tha oxidation e sulphate. ion-was prsoiniteted out usihg
BaClp, and the water and formic acid were removed in a vacwm and
separated into two portions: In cne the aotivity of the formic acid was
dotermined by the method described above (burning to C02; precipitation
using Ca(OH), and separation of the mater from CaC03), and in the second
by seutralising the soda, separating the mater in s vacuum and
the hard sodiwm formmte, The activity of the hydrogen separated from
this weter wes also checlked. The suthors messured the radicavtivity
of tritium by placing s mixture of argon with 10 peroent ethyl alcohol

; vapors and water vapors (3 mn Hg) or a mixture of hyirogen with ethyl

. alochol (15 m Hg) in s Geiger-Mueller counter. The water formed in
both cases was weakly active; it had only 2 £ 1 percent of the activity )
of the sulphuric acid used, . 2

These results indicate that the bond betwsen carbon and hydrogen - . .
in the methine group is not hroken in the formetion of formie acid . i,
during oxidation of the formic scid in spite of the profound trans—: TR
formation of its molecules. s L

B.  3tudy of the Menshutidn Resctio) R ek
Harmen, Stewart, and Ruben (42) have attempted to explain the - 'l
mechenisn of the ocourse of the fapous Memshutidn maction e
N+ RX oe= + 3 X, Ct :
which hes repeetedly attractod the attention of meny imvestigators
becsuse of its unusual kineties. The equation of speed of this reaction
contains a probability factor P {"steric factort} with a very smll ORI TS
Rgnitt?«lé which varies considerably depending upon the solvent, though " PR
use is close to . . B
BB 5 v g .
For example, for the reactisn between aniline and CeHgUOCHa Br, - i,
this factor changes from 4°10~1l in bensene to 5109 in benayl alcobol. .
Gol*ushnldt and Vorob'yev (51) heve studled the kiretiec of the :
Toaction botmeen dimethyl antiiig and bromotoluene in varicus solvents; -
'l‘agla 6 gives an 1des of the change of the kinmetics depeniing upon the
solvent. ) ‘ : C ‘
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Teble 6. EKimetic Data for the Reaction of Dimethyl Aniline S )
i s o WATH Bromoteluene. in DIfforent. Solventa s s e smiphdin bt bl ol 1

Solvent .
Phenyl- Nitro- Ethyl Aloohol
acetone " Benzene

k*20% (at 30° G) 8.5 118 450
E 9929 11200 13800
-log P 5.08 5.6 e.78

The small magnitude of P in the lMenshutkin resction apparently
indicates a low coefficient of effectivensss of the collisions leading
to the reaction. In order to explain this phenomonon Moelwyn-Huchsemnd
Shermen (52) have suggested that at least one of the reagents forms an
unatable complex with the solveny and that this_eco %..19 the actusl
reagert; thus an evaluation of ths product /R4N/ in the equatioh
o€ speed may have an error, which is reflected in the magnitude of P,
(Gladyshev and Syrkin (53) showed in the example of the intoraction of
triethyl amine with CH3J that the steric factor maintains 1" . low value
also in the reaction ih the gaseous phase In the sbsence of a solvont.,
The puthors examined this question from the point of view of the theory
of the transition state.) The idea of ths formation of en intermediste
complax in the reaction, which under favorable vonditions then producas
.8 stable product of the resction was expressed by a8 number of authors (54).
For golutlons in benzene, vhere the reaction products ers poorly zolutle,
Edwards (55) suggested that the reaction first proceeds rapidly and is . L
revorsible, but the speed of the general reaction is determined by the il o
formation of the precipitates: "y e e R
: RN + R <= (RM)* + X~ —-> R,IX hard., IR R
In the solution the equiligrium is shifted toward the initial cogporents,:
Hubun and his colleaguez proceeded from the following promisss ‘An Lo TR S
their research: If tha matwre of an intermediate produet of a reversibls e
reaction is such that all alkyl groups in it are equivelent with regard ST
to an ion of e haloid (for example, (R4HN}~) until they pass through *he
reverse reaction, then in mekirg & reaction with an alkyl qroup containing -
a radioactive indicator (for axample Gl or ¥3), we must obtain redio- . - o
activity in tho non-reacted amine snd in the final product (the agterislk: L
with R indiestes the radicel which conrtains the radicactive atoma):

R It Rt

I . RN '

RN + Re &% RoNoRe | +X " ZZ2RR¥N 4 Rie .
L. = '

To chack this condition, the authors synthesized a radicsctive
mathyl fodide conteining tritium according to the followiry methodss’.:

{a) . HCOOH + CH30H —» HCUOCH, + Hp0;

: {b) - ACOOCH3 + HT —%. CB30H — (GHoT): O ( temparature 140 “dogress,
copper-chronium satalyzer); -

(e) (CHpT) OR + WJ —>I0217 + H0. ,

Approximately 2 gr TCHy were obtaimed with e 75 perient produet,

Another spociwen of radioactive methyl icdide containing Ct (helf life
-13 -
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““the’ reaetion Betiiden ‘the produced tritiume-methyl" lodide dnd  dimethyl™
.aniline and trimethyl amine in alcohol and bonzene solutions. &n

- and tested for tritium contont. An sbsolutely insignificent amount of

"takss the role of a restoratlon agent (donor’ of “hydroper) ancd {b) the
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20.4 ninutes) wes also synthesized by the suthors. They then studied . . '

excess quantity of amine of three end five times was used for this,
which after a 3~hour reaction was geparated from the romaining components

tritium was found in the amine, with less than 1 percent activity, which
was expected on the basis of proportional distribution. all the radic-
activity in the product wes formed from the resction (sslts). These
results were obtained for both amines used in the two solvents.

The authnrs conducted tests of the exchange between radioactive
salt end trimethyl emine for € hours in alcoho.. and 3 t.ays in benzeme,

.agsuping the possibility of the aexchange process:

R3R#* MK + RgN li‘ X+ RoR*N«

However, no exchange w83 discovered. The authors concluded from this
that intermediate products (b) of the Menshutkin reaction which are
formed quickly and reversibly and in which the haloid fon loses its
bond with the methyl redical are not formed in the cascs studied,

C. Exchange of Tritdum in Aninos

Fontare (44) also studied the exchange recctions with tritiwm and
deuterdum using complex aromatic emines, Iugold-and his collesgues (55) -
wore the first to show that such emines and phemols are capable of -
exchangin: hydrogen (in ortho- or parahydrogen) in eatalysis by allmlia:

.- in the case of phenols or asids in the case of amines. It was supposed

.- that ths presence of quinoidina resonence forms of free aminas or.rhenol
/- creates the conditlon for tho mobility of the hydrogen atom. The i "

. authors used tritium and deuterium to study the mobility of the }c;drogen

aton in ‘such moleculas. iiater containing tritium vas obtained with u 450e,

- inch cyelotron, The water had an astivity of 600 microcuries per mole, -

In parrying out the exchsnge reaction it mas diluted by ordinary water. -
i,000 times. The radicactivity was determined by passing a mixture of .
10 mn Fg of mater vupors and 20 mm Hg propene through a. Gelger coumer. el
As a result of -the researsh it was shown that the exchanzs reaction of
tritium {and denterium alss). tekes plsce vary nlawly at room tempemtm‘e. .

; For axample, crystal violet contsining tritium loses only approximately

2 percent of its origimnl agtivity in a 2 percont wator solutiop during...
3 months. A% 100 percent /Sic. Frobably shouid be 100 degreeg/, howover,: '
60 percant of the original sctivity is loet aver & 7=day period with the
addition of sulphuric acic 8s a cstulyser. Thus it was shown that te: .

- mobility of hydrogen appears principally at hi{h tempemtures anii in tho AR
- presence of catalyzers. R

De mgummuwmm

Very little ig known about the rele uf ch_orophyl in the photoaynthe- - - R -
8ls process of grees plants. The theoriee evo.ved by various authors in' <. - S ST
this field con be reduced besically to two msin comcepts: (a) chlnrop}vl

action of chloruphyl 1s analogous 'to tra &ction of sensitizors in
photosenaitive ermuisions. Tha tivst cohcepl las mere acherents; for
exam')le, Stoll (56), VWillstaetter (57), and others attribute te chloro- =
iyl ‘GHQ “he fuueticn of a dener’ of nycrogen in photochemical resctions, :
where monohydrochlorophyl GH is formed.  This is a free radical which then




is transformed in enother. photochemical reaction to chlorophyls:
v GH+ Hg0 + 'hv —GH, +-0H.. A mumber of other authors. {58, 59). also e

.. Bugrest-amlagous redctions of txidat i b 38 . It was possible
to dotsrmine whether or not ydrogen by using
trithum a8 an indicetor. Norris, huben, and Allen (60) ronsone? from
the following preaise: If photosynthesis is allowsd to take nlsce for a
suffieiently long timo in radioactive water containing tritium, then radio-~
active chlorophyl must bo formed if chlorcphyl actuslly plays the part of
& donor of hydrogen in photosynthesis, :

In the firat series of sxperiments the suthors used Chlorella
Pyrenoidosa, which wag irradiated for 3 hours in g bicarborate water -
Solution containing HTO, The radioactivity of this solution wms 1.7-108
impulses/min per mole of Hy0, and each cubic centimeter of Chlorella
contained 2:10°5 moles of chlorophyl. The resulta of thsse experiments
&rv given in Table 7,

Table 7
Quntity of (rantity of ladioactivity

Chlorophyl Precipltated , {iroulses/min’
(in moles) 02 (in roles) Observed Calculateds

26 30 ° 2.0 » 10-3 80 2,200
6 ° 105 0.5 « 10~3 65 52260
1. 107 - © 100 9,350

* Galoulated on the hypothesis that each moleculs of chlorerhyl haa_cm;‘
mobile hydrogon atom which is. cepable of exchange with tritium. Tl

These results do not :wfmride a .bagis rbr“concludim; that photo~ -
chenical exchangs takes place betreen shlorophyl and yq hydrogsn fon "

(tritium) of water,

Tha sseond series of experiments was conducted with pure chlorophyl..."
Radioactive water was added to a portion of very puve chlorophyl (97 Ll
- percent) which had been dissolved in alechel. After having boen stirred: v
for 30 mimtes in the 1light, the solvonts wece ey
ral days and the chlorophyl The water vhich **
vas formed was broken.dovr with the separation of hydrogsn, which was S
Placed 1n a counter to determine its activity. .The results of “this series .
of  experiments are presented in Table 8, ‘ e
. Table 8 Ly i
Quantity of Specifis Activity Duraifon of 7 Racioatiivity
c}:loro§hy1 of Hy (impulses/ Exnosure “oooy (Ampulses/min)
{in.mg) = min s)or g aten S{inmin) D Observed Salrnlatsd
. of B ' S : ) ’ ’ .

CA0 208 T g 187230 . 3,80
95 0.53« 205 g e e 51+ 20 2,430
34 2,78 - 108 . LB 10225 2

’ T!ma, l.eéé than 5 peréent of the expested exchange took place in

these exporiments also. In avalusting thic data it must be considored

thet the Xinetios of the raaction my differ with different hydrogen
leotopes booause of the disference in zero energlsa of bond and thus

- 15 -
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““inthe ensrgies of activation.

Unfortunately, the duration of thess ="
experiments was very short. .4n example of such an lsotope offect is
presentad by the results of tho study by Rolle{son anc¢ A. wnd L.
Farkas (13) of the speed of the reaction:

Cl+ Ho~>HC1+H ’

Cl+ Do —~»DC1+D
the anergios of activation of which diffor oy 1,630 small calories.

Although the results of the study by Norris, luben, snd slien are
of great ihterest, they comnot be accepted as decisive in evalusiing
the correctyess of the theory of the rule of cilorophyl as a domor of
hydrogen in photochemical reactlions in plants. .

E. Mecheniry of illylstlion in the Liquid Phase

The processes of alkylation sre conncctec with the trunsi‘ar of

hydrogen, fer exemple:
{cH3)3 G~ H+ HpC = G Bp — (CHg)3 & — CHz ~ CH

{See Ciapetta {62) and Egloff (63)).

g r'thyzer plays in
of! hydrogen,

It 1s important to explain the role which,?
these reactions and whether or nof..i‘ 15 a curr" v

" Stowart andvlhrmnv in u}.ei:r-,recert oLk (61 ritampted; to LxpLadin
the presonce of the tranafer of hycrogen-in thi aliylatlion’sf Lagoutane .
by i~butens using sulphuric acid as & 23tslyszar. It was import:r™ te o
determine previously the degree of hycrogen exsbange which ta)ma place’
botween the difforent componerts of <he reaction and the catalyzer. % .0 o
(sulphuris acid coniginirg tritiun), - The redicactive su!lphuric vela
had a specific activ,.ty of 5 43°10 m'*u.:.eo/ain par mole, .

Forty cubic centineters rmu 6 ec of 100 parcent tritimn sul')h-:.vu.c
acid wers stirred briskly for 20 ninutos'at 10 degreas in a. lead reantor. .
The 1scbutane was then aepcramd ané burned ovar cupric oxide. <The water. . :
which formed ves broken down over magnesium At 600 degress and the -

-hydrogen separatod out in this process was plscsd in a Geiger counter. fb

determine its ectivity (see item 42 in tho biblio;)raphv). The spscific

activity of the hyirogen obteinsd in such o manrer wes 1.35° 105, which °

was onlJ approximetely 7 percent of. tha caleculated value, devisting from
a uniform distribution of tritium betwesn sulphuric acid and the i

thrcgan of lzcimtape sttached to the third carbon. An amalogous test

vas made of tho oxchange between tritium sulphuric acid and 2=butene.

To prevent the absorption of thuy 2-butano by the. sulphurie scid the

{8 vas diffuged through the 6 e of HaS0, with such a.speed thet ahsorp~

tion took pince only to a slight degree. 4ll the butylane which waez

padsed through the sulphuric acid vas collecied in a trap in licudd elr;

.3t vao processedcfurther, as desoribed sbove, to determine its acﬁvity,
" which was 6.1°10°, i.e., significantly grester thun for iscburtane, despiie

the fact thut the period of ccntuct of the butylene with sulphuric acid
was very short (it is not showm by the authors), whila for isobutane
it mas 20 minutes.

Thase experiments show that the exchange of hydrogeh in butylene
tukes plece very raplaly and that there is equilibrium ehsorpticn of
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_ hydrogen in sulphuric acid, It is possible, however, that the exchunge
‘originated "1 ‘the Yocesstol solymiorization:of, butylene in suinhwrde..... .
acid according to cquilibriun 20 He —— CgHib. ’ ‘

The following series of exporinerts consistad of carrying out the
alkyletion process with a separation of the liquid procucts of the
reaction and detormimation of their activity.

A mixture of 0.48 noles of isobutane snd 0,109 moles of 2-hutene
was added to 0,131 moles of 100 percent tritium sulphuric ecid (apecific
activity 5.43°107) over a 15-minute period while it was nixed under
pressure in an iron vessel lined with lead at 10 degraes. after sevoral
minutes the excess lscbutane vas removed. The hydrocarbon lsyer vias
separated after stratification; washed with water, dried;. and. then frace-
tioneted on a column (20 theorstical plates; voiume of liquid, 20 cej. =
Two fractiori:: nd residuss were selected. The ectivity of each fraction
and residue was determined hy tho method described above. :

It wos made clear that the activity of different fractlons vas
practically the same. &s the above-doscribed tests of exchenge huve
shown, it is possible to caleulate what tho activity vould be with a
wniZorm ¢istribution of tritiun amerg oll the hydrogen atoms in 2-
butene rrior to the process of alkylation, tuking into consideration
the high speed of hydrogen exchange. If all atoms of tritium are
uniforrly distributed batwsen the sulvhuric ecic and the Lutens, then
the activity of the hyurogen [rom the butylsne obteinad 35 expressed a& | -
followss 5.43.107 . 2+013) = 1,25 =107 tmpulsos/minute

‘ (840,100) + (220,13} i sf s sl i 0
per mole (takins two atoms of hydrogen in Has0, and eight atoms oft .
hynrogen 4n butylene), is 8 reouit of alkylation; tho activity of the
hydrogen ivom the alkylate mst decrenss further.. Considering thet the
moiscules of active biylane sre combined in’alkylation with mnlecules.
of 4sobutans in a ratio of 131, tho. specilic activity nf'gydronen e
obtained from such alkylate is 1.25.+ 107 « 8 ='5.5 = 107 This = °

) " 18 ST o

magnitwde 1s close to that obtained experimentslly for.a fruction;of:

aliylate. The agreemant of the .calculated and exmsrirontal ragniitde

is oven closer with regard to the "residue,” 1,64 to" the High 'boiling

products which compose the basic rass of the alkyiste.: It is sup;osad

thst polymerization of lutylena precedes tha alkylation, and ‘thén tho!

product of dimerization is combined with the 1schutanae: as follows:™
' 2 Cfig —» Cgil1gs Cgas+ CaB10-> 032 liggd. o i

‘ Then the activity of the obtaired slkylate mist beogt i T T
1.25'107’~2;3 = 7.7, which almost agrees with ihe observad Gapritude’
of 7.510"7 The authors censlude from this that {ntesnediate products i
of the polymerization of butylene have a longer pericd of stahillty than
the octanes which are formed and this together with the greater speed of
polymerization contributes to iho forration of heavier products ard o
causes a more oven cistribution of tritium, RSN PP

_F.  Isorerisetion of n-Dutano and lsobutans

Powell and Reid (15) mace a deteiled study'of the pechanism of an.' -
analogous type of reactivn. They studied the stages of the ;rocess of
1somerization of n-hutane in - isobutanc using aluninum chloride es e
catalyzer. 333—cs{2——3112—033:c113~<|:n-cx13
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This process is also connacted with the tranafer of hydrogen, and
as & number of “investigators (65-07) hsve shown, ‘the: presence of hydrogen: i
halide of moisture insuring the formation of L (HBr) plays a very
important role in catelysis by slumimm chloride (bromide). &bsolutely
dry haloid salts do not catalyze in the absence of HCl. To explain the
mechanisnm of the transfer of Lydrogen in this reaction, the suthors
used tritium, introducing it voth into the molesules of butanes amd
into hydrogen chlorigde.

Tritiun was obtained in the form of water by bombardin; heevy
water with deuterens in a 60-inch Berkelsy cyclotron, The water
obtaired hed a specific activity of 54107 impulses/minute per nole.
APter acidification the water was subjestsd to electrolysis on Pt~
elgctiodes to obtain tritium. ladloactive hydrogen chloride weg
prepared either by direct combination of tritium with chlorine at 300
dagrees on activated charcoal or by the interaction of radiosctive
sulphurie acid with sodium chloride. ladicactive butanes containing
tritium in a definite place of the molecule wers prepared by hydrolysis
of the appropriste butylmegnesium bromide by an ecid solution of redice
active water; the gases which were formed were then cargfully rectified.

The cetalyzer was prepered by saturation of alumimm axide or
eotivated oharcoal with alumimm chloride in a hydrogen chloride atmoa-
phere at 316 dogrees. '

The radioactivity was measured by a Geiger-linellsr counter. DButane
proved to be a. satisfactory ges for the counter, but the adnixture of
n was usable only in small quantities. Therefore, the analysis
of tritiun in the tests of the exchange of hydrogon with radicactive -
butans was condustod in the following manner: DButyleone (obtained from
- butyl aloolol) was hydrogemsted by the studied hydrogen on a copper -
oatalyzer and the butane whish was formed was then placed in s counter.
The ocounters used a volume of gae of 42.4 cc and 428 cc with a usual En
yrassure of L0 m Hg and a veltage of 1,800 V, depending upon the activity )
of the studied gas specimens.. :

: The first series of etxperimenta wag conducted bo exploin the degree i
of exchange of tritium with butane: MHT 4-3@10 ‘_H2+GI’B¢JT. Tha reeults .
of this series are p'reuented in Tsble 0 .
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=i “Table G, « Reaction HT + CLHJ.O‘:“"‘. +CyHg Tt

Catalyzexr
40% K1CL 20% A1C15 on AlpCy
on Garbon 1200 1230

Butane n-G, Il 1-G,H n=G H: i=C,H
Activity of Hp sm;mlses/min 4710 %30 410 4710
per nolge10~ 1.0 1.0 0.7 0.81
Amlysis of products
1-G,Hyq (volume percont) 11.4 85.1 2344 78.9
A-CiHly (volume percent) gl 12.2 - .5 17.0
ﬁm]_y;sia of tritium : ) o
Ir 1-C;Hio impulses/min per T ' ' R
mole=10-5 \ 1.56 0.23 1.8, 2.53
In n=CyH30 impulses/min per
molge 1075 0.21 0,50 = 0.3% 5,37

Percent of activity in G Hjo
{from the initial aot,évity : ‘
in the hydrogen) 0.37 0.25 0.90 3.59

It is eeen from this data that the isomerized product always has e
higher content of tritium, snd the degree of exchenge is approximtely
proportional to the depth of the previous polymerization. The alumimm
ghloride which is precipitated on the alumimm oxide is chsracterized by
a higher catalytie action in oxchange than that precipiteted on carbon.-

In ths second ssries of exporiments the precess of exchange of
tritium between redicactive hydrogen chloride and butane AR
TCL+ C4H10 = 01 +C,HgT was studied. Some results of this sories ... ...
are prosented in Table 10. ) o ; R HY e
fable 10, Rasctirn T61+Gyll0aHOL+CeigT (catalysers 20 pecoomt AlCly © -
omblog) 0 L TR
- Temperature (in degrose C) i
w1070 121 121 o 220
Butane e
hotivity of KOl (impulses/min
per molse10+~7 o
Percent, L1 in the mixturs with

neGgliy - B-Ggfiyp G0 4-CF0
0.97 097 187 TRE

C4B10 o 20 2.5 20 10
Analysis of procucts ‘ R
1-C, 810 évohm peroent, 453 18.5 53k L 7540
1-G2H10 (voluee poreent 53,5 U BLS LT 4R63 T B3

Amslysis of tritim . ‘ o o :
In l-cl,ll}g_ginptﬂ.ns/min per : SRR Ry i
‘ o nolge ) futn o* . 129 0.9 0423
n=g, Impuless/win per A RN RE s )
m]ﬁiﬂ—g) COon - . 0.18 0.4% 0.27.

< Percont of aciivity in G Hiyg i o o

from the initial sotivity

in H1) - 15.6 18.4 el

* In this test the catalyzer wes used without preliminsry purging.

- 19 -
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This data shows & considerable degres of exchange of tritium {rom
the radioactive hydrogen chloride, which confirms the conclusions of
investigators mentioned above on the necessity of the presence of ‘
hydrogen chloride in enalogous reactions with slumimm chloride. A
higher content of tritium appeared in the isomerized product in the
previous experiments also. Of epecial interest is the fact that the
catalyser was prepared in & current of hydrogen chloride and therefore

el nsturally contained considerable quantities of the latter., If suchae
e ‘ catalyzer is used indirectly for the reaction of exchange (TC1 C;Hi0),
the excharge does not take plice and the butans obtained is not radio- .
active (aes experiment 1, Table 10). In order for the axchange reaction
%0 take place 1t was necessary to purge the catalyszer beforehand with )
n at 121 degrees for 3 hours with a volume spaeed of 4 mimite -1,
The abgorbed inactive hydrogen chloride is blom off and the surface is
free for radicsctive TCl. ~The authors consider the real oatalyzer of
1somerization to be the compound HAJCl,, which has a low elasticity
of disscciation. An exchange of tritium and isomerization of butane
takes place in the formation of the compound T"mlt.

The awthors have showm with specisl experiments on the course of
1somerization in s hydrogen atmosphere that in this process there is
i . no exchange of hydrogen with hydrogen chloride: Hp+TC1l —» MGl +TH,
' as the hydrogen 1s not radioactive after the reaction. )

g ; :  In the third series of tests the authors studied the exchange
R - - veaotion C;BoT + Hy = Hr+CyHyg on tho same catalyzors.

o : e : The guthors thought that the exchenge of tritium butmeen butans

) S and hydrogen could ba calculated on the bagis of data of the first L
seriss of iasts sccording to the reverse reaction of exchange (CyBo+HL), i v
but this wus incorrect. It was made clear that the degres of exchangs . /.. </
depends also upon the position of tritium in the butsne moleculs (ses :
Taola 11); if the tritium is with thw secondary hydrocarbon in n-butane,:
the exchange vill be coneiderably more complete than in the case where
the position of the tritium 1s with the primery hydrooarbcn. On the
other hand, the tritiuvm with the primery hydrocarbon seems to be more .
mobile then that with the tertiary hydrocarben. Unfortunataly these . i’y
observations are mot yat explained ecd appear very strenge; the authora. <<
suggee* that this is possibly conriected with tho specific chemistry of - .
+ritium about which there is no knoviedge. ; Wil T

“-20 -
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Toble 11, lieaction G4HQT + HyQ2HT + Gy My (catalyzers 20 pereent .

Temperature {in degrees C)
. 121 124, 128 121

Butans - . =GN n-C,Mg: 1-CH i-G,H.
Position of the tritium in 410 4 . 4730 410
butane . Primary Secondsry Primary Tertisry
activity of ¢ 'Simpulses/mih ' '
=7} 3.5 3.87 3.63 12.0

per mole:l
Analysis of the produst: e
1-C;H30 (volume percent) © 38.0 35.5 - 85.1 ~89.2
n=Glly (volume percent) .. 6.5 64,1 . 8.8 . 3.7
- ATEAYSIS of tritiums ' . ’ )
Activity of Hy, gimpulses/mln
per noles10~7)
Activity In C/H;p in relation )
to the 1nitia2 activity in ) : .
CsHig (in percent) 0.043 0.132 0.95 0,127

0,15 0.51 3.3 1.52

Considering the reaults of ‘the study, the authors come to the
conclusion that the first series of experiments on the exclunge of
tritium botwesn hydrogen and butane indieate only the progressive
loosening of butane molecules in 1somerization which leads to partial
exchange. The data of the sacomd series shoving the very essential rols
of hydropen chloride in the isomerization reaction is rore intoresting.

Proposing a scheme of tue mechanism of ‘the redction, the authors:

prosent thres besic conditions: (1) in the pregence of hydrogen chloride:

apd tve appropriate carrier, aluminum chloride forms a compound HAlC1, ™

analogous to the woll-known addition compounds- of - the type A1Cl3eMaCl;

(2) in this condition part of the molecules {4101;), having a stabilized e

spharical symmstry, alleviate the woakening of the bond HeCl;. (3) the i

hydrogen 1s oriented with rogard to the catalytio surface o that in BRSNS N

catalysis 1t enters the sphere f the bond of hydrogen atems of tho ‘vuteng .

moleculs. Neerwein (68), Holdman (66), and others have expressed 7 il

amalogons notions on the foruetlovi of the complex AlG17 in reactions with'
. 4I013. Fairbrother (69} studled this quastion using. redicsctive. chlorine -

‘- 2a an indicator in the iTidel-Krafte reactf--. L T

i 4ccording %o these propositions the stages of 'the prosess of . -
isomerization of butans sre reduced to tihe following: : Butane cames” in ..
contast with the mis af the catalyzer, where the hycdrogen from tle' HG1
(111 combination with 41GCl3); daeigrsited in the disgran Ho, enters the i ‘
sphere of the bond of the carber atom (G3) 4n the butans. The bond L, G
betweer C3 end Go is weskenod mnd rertially broken so that thres hydrogen .+ i
8tums and two carbon atoms are found aiwultaneonnly in the syhere of th
bond of Cp. At this moment a group (Al1C1l.)" exists independently between -
the ecarbon atoms Co and C3; in this position the group has a tondensy to.
2htain a hydrogen stom at 03 and thus an wneaturpted ‘state of -the bomd:
betwsen the carbon atoms G2 ard C3 1s created so that the me thyl group

.- C1 can aither be combined with-the C3:-atomy forming lsobutens; oz be

" eombined with Cp, returning to the initinl form of n-Witana. .
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o-butane . 1-butane R
The reverse reaction is eesily explained by the same stages, but in
- Poveras orderi--The isobutune corns in contact #ith the catalyzer so that
the hydrogen atom iy enters the sphere of the bond of the tertiary carbon,
causing a weekening and breaking of one of the bonds botween the carbon
stoms; a8t this instant the condition of the syctem is the same as in the
third stage of the direct resction. Thus, the formation of n~ or i-butane
is connscted with thair thermodynamic stability.

1
¥
'
!
t
[}

Judging from the proposed mechanisr. of the process, it could be
oxpected that there must be considershie excharge of hydrogsn from HC1,
which was actually found in the exemple of the transfer of tritium from’
TC1 to butane. On this basis it ie understuod why the exchange of tritium
between hydrogen and butane takes place in & ccnsidersbly less degpree;
it is possible that this exchange takes place in the boginning of the
third stage of the illustrated mechanism. Ths suthors suggest that an - SO
' analogous mechanism is applicable to a mumbor of reactions of hydrocarhons
.. in the: prasence of such catalyzars 28 phosphorie, perchleric; and bonge:-. /'
i sulphonic aeide’ composed-of large central grours of atoms connected with: .
"' the hydrogen atoms which are directed outward, GER e R e

... ~Very similer proposais were also exprassed a short time ago by i P
B, L. Moldavskiy (67) for thc reaction catalyzed by 41C13 and activated i "
& - The propositions developsd above miks it -posaible to min uinew -
;. undgratanding of the results of the study by Grezhnevs and Loginskly (1l)
“v-on the isomerization of bromic nophthalaae which they obtained in 1936
These suthors studied the kinetirs of isomerization cf aipha bromle ‘ ‘ '
rophthalene o beta bromic naphthelone with & catalyzor of AIBr3, into. . ..
the molecule of which a radiosctive bromine atom had been intreduced,
It appenred that the speed of isomerization was much higher than the - : Bl
dpeod uf exchanze of bromine botween AlLraBr# + {A1Bz48r*)R, The bromivu: - 7
atoms in the sphers: (AlBry) are completely deprivad of incividwlity -
and a complets exchange can be axoected, oo . Co

y Irsmuch as sbsolutely dry aluminum’btiomids does not catalyze avch' o
| ‘reacticus vhich need the presemos of hydrogen bromide (15), then dn - .~ =0
anslogy with the isnmerization of lnutane, cateiysis liere 1s connected
with the transfer of hydroger, frcm the bets position to the alpha
position, and not with 2 transfar of bromine, waich is only & resulit
of the tranéfer of hydrogen: . o e .
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G. rizat of Bytyle

Further development of the notion of the tranafer of hydrogen by
a eatalyser in the isomarizatlon nrocesses and & gencralization o1 it
for other smlogous reactidns is givon in the work of Turikeviel nnd
Smith (70) in the exemple of the isomerization cf butylene~l and
butylene~2 )
CHp = CH <=(lpy - CH: :20113 «= CH # CHl '—CH3 Sy
with - phosphoric acid as a catalyzer, Using tritium .as an Irdlestor..-

It was Tounc that the speed of isorerization ie vroportional to the e
presauro or the butylene and the concentration of ‘yhosphorie weld, The: .
exchange .of  tritiur between radicsctive phosphoric ecid and butyleme.ves .
studied st the sahe time, ol e AT

The spred of the exchange st 27 degreoy. wnas. less than the sveed of
isomerization end with a specific concontration of scid, the onergy of ° R e
aotivation of the reaction wus 1i.5 small ealories/mole, and tha emergy.: ' ..~ <=
of motivation of exchange was 17.8 small calories/mole. The ditference ' .’
in ectivation energles of thres small calories exsctly.correspords 1o .-
the difference in the speeds oS these processes. It can be concluded
from this tnat both procasses operate sccording to the same mechanisn,': ‘
and thus tho difference in speed is Que to.the difference in the zorc-i...
onergy of the homi of hydrogen and tritium (6.253.small-calories/mole.
for Hy and 3,625 smell caloriea/mols. for To (3¢)). . o ! SN

14 wae furtier Tound that redicactive wotcr Tp0 and raciosctive
hydrochlorie acid TC1 are not erchanged by tritium with butylens.
On the other hund, radlcactive phosphorle scld (T3PO4) is not exchanged b
with sthylene, but is exchanged with propylens. Lo

Fron the.observed facts, uhe authors cffer a general theory of .
such catalytic reactions of hydvocarbons ss. erecking, isumerizationm, -
alkylation, polymerization, etec., reduced to the mechanism of a trapsfor =
. of hydrozon and based on the apstisl intorrelafionships of .tle. catalyzer.
ami reegont. o U

For oxampls, 1t is suppcsed thut the contect hetween the. phose
phwrie aeid arxi the butylens moliecule fakes plcee in ths folloviing
zonner: .One of the hwirogen utoms of the.phespheric acid epprosches
- the last carbon atom of butylone at the rome tino that an oxygou stom
asvold of hydrogen arprosches the third csrbon atom of butylemo (nos
2tagram beicw); 1n the disimtegration nf thie ccaplex the phoejporic acld
oun carry with it the kydroges atom from the third carboe and lsuve the
hydrogen atom vith the first sazbon atom. Ac a result butylens-2 is formeds

<23 -
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Ho H fi*
! { ’
_HX — C=x G — CHy-+ H3 PO,

The authors maintain that this diagram closely agrees with the
mlemxlar medel of butylenes and vhoaphoric acld.

a simpler Ciagrem may alsc be imagined whers & aix-menbered ring
is formed in the complex:
H

|
ngc CH — C — Cij v
5+ 0 ¢--R
..l.i?_-] o . HG == C » G o~ CHy+H3 POy
HO _P - 0 I Laruarrv ol 3 iy LRERLRLY . . S5
OH

: The authors sot forth a Jimiting shipulation for the” cat.alyzor,
whick reduces to the fact that it must deliver and receive hydrogenm.
atoms at a distance of approximately 3.5 A, In their opinfon, N
. sulphuric, silicic and perchlorie acids, moiet ALCL 2 (P1C1,) and to .
a cortain dsgres hydrogenated Ni fulfill this condition. However, . o’
it is not olear how these distances preserted by the nut.zo"s lmve :
. been caleulsted. ‘

: Accoxrding to the 1d‘mtrateu mc.hanism, the pv'ocesa of poly~
morization of hydrogsrbons is like the transfer.of a hydrogan atom.
betwoen two olefins, the alkylation process is like & iransfsr of
lwdmgen from parefsin. to olefin, tha cracking process is the raverse
of alkylation: the bond G ~~= G iz broken i tne catalyser (alirosilic-,
1o acid, for example; ssparates hydroguu from ona carbon atom and B
transfers it to ancthor carbon atom separsted from the first.

Sinco all of thesa reaciions sare actually to e lsrge extont
comected with the migration of hydrogen atoms in tho molecules of . |
organic compounds, the detailsd study or them using tritium as on

 indicator undoubtedly uffors the possibility to explain the real
mechanism of these prncesses which havo gmat theorutical and ,
1ndastr:la1 signifieenco.
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